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GENERAL ELECTRIC 
Wal te r  Pi jawka 
We, a t  General  E l e c t r i c ,  welcome the  o p p o r t u n i t y  t o  p a r t i c i p a t e  i n  t h e  
P o i n t  Focus Program managed by JPL and a r e  p l ea sed  t o  be a b l e  t o  e x p r e s s  some 
o f  o u r  views a t  t h i s  pane l  d i s c u s s i o n .  
I brought  a  few vu-graphs t o  i s s i s t  me i n  making t h e  p r e s e n t a t i o n  and t o  
focus  ou r  a t t e n t i o n  d u r i n g  t h e  next  few minu te s  ( s e e  F i g u r e  1 ) .  
We b e l i e v e  t h a t  t he  P o i n t  Focus Dish e n g i n e e r i n g  concept  f o r  renewable 
energy  c o l l e c t i o n  and ,  i n  p a r t i c u l a r ,  t h e  g e n e r a t i o n  of  e l e c t r i c i t y - - a  premium 
form of  energy-- is  a  v i a b l e  one. We a r e  pu r su ing  t h e  c o n c e p t ,  i n  c o n j u n c t i o n  
w i t h  t h e  JPL-defined component and system development programs. 
F igu re  2 shows s e v e r a l  t h i n g s .  F i r s t ,  i t  shows t h e  genera t ion-by-  
g e n e r a t i o n  development o f  p o i n t  focus  d i s h e s ,  p roceed ing  from t h e  i n i t i a l  
7-meter d i s h  a t  Shenandoah through t h e  second g e n e r a t  ion Low Cost Concen t r a to r  
o f  i 2  m e t e r s ,  f o l l owing  on t o  an Advanced C o n c e n t r a t o r  y e t  t o  be d e f i n e d .  
Under each o f  t h e s e  p a r t i c u l a r  c o n c e n t r a t o r s ,  I have i l l u s t r a t e d  t h e  f i n i t e  
c y c l e  of  development t h a t  has  o c c u r r e d ,  o r  i s  planned t o  occu r .  S p e c i f i c a l l y ,  
t h e  Shenandoah d e s i g n  c y c l e  has  becn completed,  a s  h a s  been i t s  f a b r i c a t i o n  
and t e s t  c y c l e .  I t  i s  p r e s e n t l y  under  implementat ion i n  t h e  c o n s t r u c t i o n  of  
t h e  t o t a l  energy sys tem a t  Shenandoah, Georgia.  
Feeding from t h e  expe r i ence  ga ined  from t t e  Shenandoah c o l l e c t c r  deve lop-  
ment ,  a f t e r  t he  f i r s t  l a b r i c a t i o n  and t e s t  e x p e r i e n c e ,  t h e  second g e n e r a t i o n  
Low Cost Concen t r a to r  was con re ived  and proceeded i n t o  d e s i g n .  Fabr < c a t  i on  
h a s  been i n i t i a t e d  and t e s t i n g  is  planned f o r  l a t e r  t h i s  y e a r  and ,  i n  f a c t ,  
s e v e r a l  system a p p l i c a t i o n s  c s i n g  v a r i s u s  engines--Rankine, Braycon, and 
S t  i r l  ing--have been i d e n t i f i e d  and planned.  
Fol lowing t h e  expe r i ence  ga ined  a f t e r  t h e  t e s t i n g  o f  t h e  Low Cost  
C o n c e n t r a t o r ,  a  t h i r d  generation advanced c o n c e n t r a t o r  is planned t o  e n t e r  
i n t o  a  complete  c y c l e  from d e s i g n ,  :hen f a b r i c a t i o n  and t e s t ,  and then  i n t o  
a p p l i c a t i o n .  
This  arrangement of genera t ion-by-genera t ion  development o f  t h e  c r i t i c a l  
component d e s i g n s ,  s o  t h a t  i e s s o n s  l ea rned  f r m  one generation can be  i n -  
co rpo ra t ed  i n t o  t he  d e s i g n  of t he  fo l lowing  gene ra t io r i ,  i s  a  ve ry  sound cne 
and i n d i c a t e s  t h a t  t h e  ?lanned program by JPL and DOE is a sound,  o r d e r l y ,  and 
well-managed development a c t i v i t y .  
Support i ng  the  g e n e r a t  icn-by-generat  ion product  e v o l u t i o n ,  a t  t h e  bot tom 
of t h e  c h a r t ,  I have shcwn t h e  s u p p o r t i n g  technology r e q u i r e d  t o  h a s t e n  t h e  
component d l~ve lopmen t s ,  t h e s e  be ing  h igh  t empera tu re  m a t e r i a l ,  r e s e a r c h  and 
development ,  r e f l e c t i v e  s u r f a c e  developments ,  c o n s t r u c t  ion  and usc  o f  t h e  t e s t  
bed c o n c e n t r a t o r s  f o r  g e n e r a l  knowledge ga ined ,  a s  we l l  a s  development of  
advanced r e c e i v e r  and h igh  t empera tu re  eng ines .  
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There a r e  two keys t o  t h e  s u c c e s s f u l  comple t ion  of  a  concep tua l  deve lop-  
ment ,  which t h i s  c h a r t  hope fu l ' y  ill1.s t r a t e s .  F i r s t ,  an  o r d e r  j g e n e r a t  ion-by- 
g e n e r a t i o n  development c y c l e  t o  produce an  u l t i m a t e  product  and ,  s econd ly ,  t h e  
c o n t i n u i t y  i n  t h e  program t o  c a r r y  ihrough i n  a  con t inuous  f a s h i o n  t h e  d e s i g n  
teams and c o n t r a c t o r s  involved  i n  t he  programs. 
I  w i l l  a t t empt  now t o  run  q u i c k l y  through t h e  c r i t i c a l  t echnology needs 
a s  we a r e  f a c i n g  them i n  t h e  development .f  p o i n t  focus  c n n c e n t r a t o r s  ( s e e  
F i g d r e  3 ) .  One of t h e  key technology needs is  t h e  development of  c o s t -  
e f f e c t i v e ,  l o n g - l i f e  r e f l e c t o r s .  
Q u i t e  a  b i t  o f  t e c h n i c a l  work s t i l l  must be done i n  x d e r  t o  a c h i e v e  
performance and c o s t  g o a l s  t o  evo lve  a  commercial ly v i a b l e  p roduc t .  Both t h e  
s i l v e r e d - g l a s s  m i r r o r s  and m e t a l l i z e d  f i l m s  which a r e  b e i n p  pursued today  have 
t h e i r  shor tcomings .  The concept  o u t  l i n e d  under  "Approach" on t h e  c h a r t  should  
be suppor ted  5y s e p a r a t e  t e c h n i c a l  e f f o r t s  t o  providt? a  b a s i s  t o  produce 
e f f e c t i v e  c o w e r c l a l  p roduc t s .  
F igure  4 i l l u s t r a t e s  one concept  of t h e  i n t e g r a t e d  r e f l e c t i v e  s u r f a c e  
and s t r u c t u r e  t h a t  Genera l  E l e c t r i c  has  been working on. He r ecogn ize  t h a t  i t  
is jus t  3 f i r s t  s t e p  a l o n g  the  p a t h  t h a t  I have p r e v i o u s l y  i n d i c a t e d .  
In an a t t empt  t o  evo lve  low c o s t  c o n c e n t r a t o r s ,  we have i d e n t i f i e d  t h e  
need t o  employ new and low c o s t  s t r u c t u r a l  m t e r i a l s  t o  be c o s t - e f f e c t i v e .  
S t r u c t u r a l  p l a s t i c s  have t h e  p o t e n c i a l  of s a t i s f y i n g  t h e s e  needs.  I n  t h e  
c o n s t r u c t i o r  of the  Low Cost C o n c e n t r s t o r ,  we a r e  employing s t r u c t u r a l  
p l a s t i c s  t o  demonst ra te  t h e  a p p l i c a t i o n  and c o s t  r e d u c t i o n  p o t e n t i a l ,  and 
Chart 5 does  i n d i c a t e  a d d i t i o n a l  needs.  
I n  F igu re  6 we a r e  i l l u s t r a t i n g  some of  t h e  work i n  molded p l a s t r c s  t h a t  
u e ,  a t  General  E l e c t r i c ,  have developed f o r  t h e  app1:ca t ion  t o  s o l a r  u s e ,  ,s 
we l l  a s  o t h e r  l a r g e  s t r u c t u r a l  members, such a s  a p p l i a n c e s  and au tomobi le  
p a r t s .  The e v o l u t i o n  of s i n g l e  compunent molding compounds a l l ows  t h e  u s e  o f  
r e l a t i v e l y  low c o s t  molds w i th  h igh  p roduc t ion  r a t e s  w i t h i n  t h o s e  molds. 
F igu re  7 i s  a  p i c t u r e  of an engi:.ec?r;ng p r o t o t y p e  mold of app rox ima te ly  
the  same c u r v a t u r e  and s i z e  a s  one of  t h e  r,?.zments t o  be molded f o r  t h e  Low 
Cost Concen t r a to r  1 2 1 n e t e r  d i s h .  I t  i s  n p ~ o o f - o f - c o n c e p L  mold and has  worked 
ou t  q u i r e  w e l l .  
F igu re  8 shows a  f i n i ~ h e d  molded p a r t  whi.~b h z s  been produced i n  t h e  
mold shown p r e v i o u s l ) .  I t s  s u r f a c e  c o ~ t s ~ r r  s:~d s t r u c t u r a l  p r o p e r t i e s  a r e  a s  
ctvsigned. 
To show f u r t h e r  a p p l i c a t i o n  of molded s t r u c ~ - t r a l  p ! a s t i c s ,  we have 
des igned  and f a b r i c a t e d  a  low c o s t  molded t rough wh3.e par:a a r e  shown h e r e .  
The type  o f  s t r u c t u r a l  d e t a i l  and r e in fo rcemen t  which can be achieved  a r e  
e x c e l l e n t  and t h e  s t r e n g t h  and s u r f a c e  t o l e r a n c e s  r e q l ~ i r e d  can be a :n ieved  
u s i n g  molded s t r u c t u r a l  p l a s t i c s  ( s e e  F igu re  9 ) .  
Geners l  E l e c t r i c  has  a l s o  been involved  i n  eng ine  r e c e i v e r  d e ~ e l o p m e n t  
a c t i v i t i e s  fo r  DOE m d  J P L  ( F i g u r e  10). S p e c i f i c a l l y  we havre evolvdd a 
mult i -vane r o t a r v  ?xpander  Rankine c y c l i n g  eng ine  and have d2veioped S t i r l i n g  
eng ine  d e s i g n s  a d  hardware.  
We have developed a  t ami ly  of r e c e i v e r s ,  from t h e  i n i t i a l  c a v i t y  
r e c e i v e r  used f o r  t h e  o r i g i n a l  Shenandoah 7-meter d i s h ,  a p p l i c a b l e  t o  Rankine 
c y c l i n g  engines . ,  t o  a h igh  t empera tu re  r e c e i v e r  a p p l i c a b l e  t o  B r a y t ~ n  c y c l i n g  
e n g i n e s ,  and c u l m i n a t i n g  i n  t h e  h e a t  p i p e  r e c e i v e r  t h a t  i s  b e i n g  developed  
p r e s e n t l y  f o r  S t i r l i n g  e n g i n e s .  T h i s  r e c e i v e r  does  have ene rgy  s t o r a g e  
c a p a c i t y  w i t h i n  i t .  
F i g a r e  11 g i v e s  a view look ing  th rough  an a p p r o p r i a t e  f i l t e r  Lnto t h e  
r e c e i v e r  a p e r t u r e  uf t h e  GE-developed 7-meter d i s h  s y s t e n  on t e s t  a t  Sand ia  
L a b o r a t o r i e s ,  Albuquerque f a c i l i t y .  Output  f l u i d  from t h e  r e c e i v e r  t u b e s  i s  
a t  7500F. You can s e e  t h e  c o n c e n t r a t e d  s c l a r  energy  d i s t r i b u t i o n  on t h e  
c o i l s  w i t h i n  t h e  r e c e i v e r  produced by t h e  7-meter c o n c e n t r a t o r .  
Because pc n t  focus d i s h e s ,  of n e c e s s i t y ,  a r e  2-axis  t r a c k i n g ,  :he need 
f o r  : , l ~ t r o l s  c s e n s o r s  i s  i n h e r e n t .  Also ,  t h e  v a r i o u s  modes of o ~ e r a t i o n ,  
i n c l u d ~ n g  s ta r ; - -up  and shutdown I n g i c ,  r o u t i n e  and emergency focus  and d e f o c u s ,  
and 7t.. ,tr o p e r a t i o n s ,  a r e  r e q u i r e d .  F i g u r e  12 shows t h e  g e n e r a l  development 
needs  w i t h i n  t h i s  a r t ? .  
A s  I mentioned p r e v i o , ~ s l y ,  one of t h e  key e l emen t s  t o  r e c o g n i z e  i n  t n e  
f i r -~e lopment  of a  commercial p r ~ d u c t  i s  t h e  n e c e s s i t y  f o r  a number of r e q u i r e d  
d e s i g n  c y c l e s  ( s e e  F igu re  13 ) .  Each c y c l e  proceeding  from i n i t i a l  d e s i g n  
through f a b r i c a t i o c  a n t  f i e l d  s e r v i c e  must be completed b e f o r e  t h e  n e x t  cycle! 
can  l e g i t i m a t e l y  be s t a r t e d .  Our e x p e r i e n c e  i n  i n d u s t r y  h&s been t h a t  a t  
l e a s t  t h r e e  cf chese  c y c l e s ,  and sometimes more, a r e  r e q u i r e d  b e f o r e  a  com- 
m e r c i a l  p roduct  e v o l v e s .  The JPL  program, a s  des igned ,  does  have b u i l t  w i t h i n  
i t  t h e s e  d e s i g n  c y c l e s .  I t  i s  n e c e s s a r y  t h a t  t h e  program be r e t a i n e d  w i t h  
t h e s e  f e a t ~ l r e s ,  -nd t h e  c o n t i n u i t y  t o  m a i n t a i n  t h e  flow of knowledge and 
development i n  i n d u s t r y  be ma in t a ined .  
F igu re  14 s h o ~ s  one example of  many I cou ld  have chosen t o  i l l u s t r a t e  
t h e  product  e v o l u t i o n  des ign  c y c l e  phenomenon. The deveiopment of a i r -  
condi  t i m i n g  equipment f o r  p r i v a t e  hones ,  f o r  example, went t h r m g h  t h i s  
p roces s  w i th  t h e  r e s u l t  t n a t  over  one h a l f  t h e  homes b u i l t  today  i n  t h e  Un i t ed  
S t a t e s  a r e  equipped wi th  c e n t r a l  a i r - c o n d i i i o n i n g ,  n o t  t o  mention a l l  of t h e  
commercial and i n s t i t u t i o n a l  b u i l d i n g s  which have a i r - c o n d i t i o n i n g  i n c o r p o r a t e d  
w i t h i n  them. The road t o  t h i s  commercial p roduc t  was one t h a t  went t h r s u g h  
t h r e e ,  and p o s s i b l y  f o u r ,  de s ign  c y c l e s  a s  t h e  product  moved from t h e  e a r l y  
p r o t o t y p e  s t a g e  through t h a t  of an emerging product  t o  t h e  c o s t - e f f e c t i v e  
r e l i - a b l e  commercial p r aduc t  t h a t  i n d u s t r y  suppl - ies  today .  
F i g u r e  15 shcws what one qcad of energy  s u p p l i e d  t o  t h e  Uni ted  S t a t e s  
would mean i n  terms of  v a r i o u s  t ypes  of energy  g e n e r a t i o n .  It compares t h e  
r e q u i r e d  I m i l l i ~ m  p a r a b o l i c  d i s h e s  t o  t h e  17  e q u i v a l e t ~ t  n u c l e a r  p l a n t s  and 
t h e  v a s t  anount  of f o s s i l  energy  r e q u i t e d  t o  r e p l a c e  t h i s  renewable energy  
sou rce .  
I n  summarv, we a t  General  E l e c t r i c  b e l i e v e  s o l a r  thermzl  p a r a b o l i c  d i s h  
energy  a p p l i c a t i o n s :  
( 1 )  Are a  v i a b l e  d i s t r i b u t e d  renewable power g e n e r a t i a g  o p t i o n .  
( 2 )  Produce q u a l i t y  energy  i n  t h e  forrib G :  e l e c t r i c i t y  and h igh  
temperaLure h e a t .  
( 3 )  Are modular and can be distributed to new or existing plants in 
increments. 
( 4 )  Are f~ctory mass producible with associated economies of 
production. 
( 5 )  Have progressed under DOE end industry development. 
( 6 )  Can be developed to produce renewable eriergy in support of the 
nation's energy qoals. 
Thank you . 
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